Introduction
There is a belief among politicians and policy makers that public infrastructure investments and other construction enhance the economy of a country (see e.g. Turnovsky, 1997 and Delgado and Álvarez, 2007 ). This belief is also supported by a number of investigations and research done by such as e.g. Aschauer (1989) , Green (1997) , Coulson and Kim (2002) and Esafahani and Ramirez (2003) . On the other hand, there have also been some indications that the causality between public investments and economic growth is not that straightforward as first expected, see e.g. Holtz-Eakin and Schwartz (1995) and Wigren and Wilhelmsson (2007a) .
In the present paper, we analyze structural breaks over time, as causality and economic effects are not expected to be constant in boom and bust. The objective is also to examine whether the effects are a function of the accumulated capital stock, i.e. if the marginal effect is different depending on the level of the stock. We are also investigating if the housing policy in the country has any impact on the relationship between residential construction and economic growth. That is, our main objective is to analyze whether we have a problem of parameter heterogeneity across countries and over time. Our hypotheses are that construction investments have a stronger effect on economic growth in an economic bust; residential construction will have a larger impact on GDP growth if residential capital stock is low; and less state intervention is associated with a stronger impact on GDP from residential construction.
The rest of the paper is organized as follows. Section 2 presents a brief literature review. The methodology is presented in section 3. In section 4, we discuss the data and the empirical model.
Section 5 and 6 presents the results concerning the level of the residential capital stock and choice of housing policy, respectively. Section 7 concludes and summarizes the paper.
A Brief Literature Review
A huge literature analyzing economic growth and its determinants exist 1 . Lately, many of them are based on endogenous growth model theory (see e.g. Romer, 1986 and Temple, 1999) . At the end of 1980 and early 1990, a number of studies presented a strong and positive relationship between public infrastructure and economic productivity in the private sector (see e.g. Aschauer, 1989, and Munnell, 1990) . Furthermore, results indicate that the construction industry generates one of the highest multiplier effects with other sectors of the economy, Park (1989) . Recently, Shioji (2001) find that infrastructure capital has a significant positive, but modest effect on economic growth using a panel data set of United States and Japanese regions.
The result by Aschauer and Munnell were e.g. criticized by Holtz-Eakin (1994) . The main objection he raises is that earlier studies did not correctly account for fixed effects. To be able to correctly estimate the short and long run effect of construction on economic growth one need to remove country 1 A complete literature review can be found in Gramlich (1994) , Temple (1999) and Jiang (2001) . -3 -fixed effects, see e.g. Temple (1999) and Shioji (2001) . With a neoclassical growth model with fixed or random effects Holtz-Eakin and Schwartz (1995) repeated the above analysis by Aschauer (1989) and found no or only marginal impact of infrastructure investments on growth. Nijkamp and Poot (2004) found "evidence for a positive effect of conventional fiscal policy on growth is rather weak".
Causality
Using U.S. data for the period 1959 to 1992, Green (1997) found that residential investment Granger causes GDP, while non-residential investment is Granger caused by GDP. However, the opposite is not true. Green also tested for the existence of structural breaks in the causality relationship and found such ones. Later, Coulson and Kim (2002) confirm the result by Green (1997) . Wigren and Wilhelmsson (2007a) examined the statistical relationship between gross domestic product and a broad group of construction in Western Europe from 1980 to 2004. The overall conclusion was that public infrastructure policies have an effect on short-run economic growth but only a weak effect on the long run. Lean (2001) empirically tests the linkage between construction and other economic sectors in Singapore. In the paper, an econometric procedure is proposed that can be used for determining the construction linkage to economic growth and involves unit-root testing and Granger causality. The study shows the causal relationships between construction and GDP is two-way.
Parameter heterogeneity
Gauger and Snyder (2003) investigate if the financial deregulation has changed the relationship between residential construction and key macroeconomic variables. The overall results indicate that residential construction shocks have increased the prediction power concerning changes in GDP under a more deregulated regime. Hence, less state intervention on the housing market may increase the impact of construction on growth. This is in accordance with e.g. Smith (1997) arguments that housing policies have an effect on residential constructions. The argument for that is that countries differing widely in housing policy are unlikely to fulfill the statistically modeling assumption about parameter constancy (Temple, 1998 and 1999) even if non-linearity may explain some of the parameter heterogeneity (Masanjala and Papageorgiou, 2004) . In this paper, parameter heterogeneity is analyzed by introducing a set of interaction variables concerning the degree of state intervention on the housing market suggested by Temple (1999) . Odedokun (1996) investigated the relationship between the financial sector and economic growth in 71 countries. The conclusion drawn in the paper is that the financial sector promotes economic growth, but this impact is stronger in low income than in high-income countries. Hence, it indicates that changes in construction may have a larger impact on economic growth if the public capital stock is low compared to high one. Furthermore, Smith (1997) argues that the size of the housing stock influence the residential construction. Here, the problem with parameter heterogeneity between It is not only parameter heterogeneity across countries that could be a problem. It is not likely that the parameters are constant over time. The argument for that is that when there are idle resources in the economy, construction would have a larger impact on GDP compared to a situation when all resources are used. That is, in a business cycle boom there is a risk that construction will crowd-out other types of investments with higher productivity and thereby decreasing the economic growth. In an attempt to control for parameter heterogeneity over time and eliminate business cycle effects, we introduce a set of interaction terms relating construction with unemployment rates.
Methodology
We investigate the relationship between construction and economic activity using a simple stylized model. That is, we merely relate change in production to exogenous changes in the construction, measured by investments in residential building, other construction, and investments in infrastructure.
The basic model is derived from a production function model where we have added public capital stock (buildings and infrastructure) to labor and stock of private capital. There are some potential econometric problems in the estimating of the production function such as non-stationarity, causality, and omitted variables, see e.g. discussion in Gramlish (1994) and Holtz-Eakin (1994) , as well as Temple (1999) and Gobbin and Rayp (2008) . We have addressed these problems by using a pooled cross-sectional and time series data, allowing us to use fixed effects, and estimated the model in an error-correction framework. The problem of parameter heterogeneity is handled by the use of interaction terms (see Temple, 1999) .
The research approach concerning causality and estimating the long run equilibrium is based on Engle and Grangers (1987) error correction model (see e.g. Ramajo, J. 2001) . If two variables y and x are both integrated of order 1, I(1), and if a linear combination between them exists that yields a stationary variable, y and x are said to be co-integrated. If we assume y to be a function of x in a simple linear regression framework, we can write the following equation:
where both y and x are I(1), and e is I(0), subscript i indicate country and t years. Following Banerjee et al (1993) , a general dynamic regression model in the form of error correction model (ECM) is equal to:
where y is equal to the dependent variable and x the independent. is equal to fixed country effects.
Subscript i is equal to country and t is equal to year. Index j is equal to number of lag. e i,t-1 is equal to 
above, that is, the ECT. By using the error-correction framework, it is possible to capture the adjustment in economic growth, by not only the changes in construction and fixed effects but also by how much GDP deviates from the long run equilibrium. If 2 are jointly significantly different from zero, x Granger causes y in the short run. The long-run Granger causality can be found by testing the significance of the ECT. As we are using panel data, a fixed effect model will be used to account for idiosyncratic country effects. Among other things, the fixed effects controls for initial endowment that is constant over time. To control for business cycles, capital accumulation and housing policy, 2 and will be estimated separately in boom and bust and with high or low capital accumulation or depending on the housing policy in the country (Equation 3).
where D is a binary variable indicating if unemployment is high in the country, C is a binary variable indicating whether the country has low housing capital accumulation in the beginning of the period and F depending on the housing policy (less state intervention) in the country. If 2 are jointly significantly different from zero, x Granger causes y in the short run. If 3 are jointly negatively significantly different from zero, x Granger causes y in the short run to a higher degree if unemployment is high. Furthermore, if 4 are jointly significantly different from zero, x Granger causes y in the short run to a higher degree if the country has a low residential capital stock in the beginning of the period. Finally, if 5 are jointly significantly different from zero, x Granger causes y in the short run to a higher degree if the country has a less state intervention as a housing policy.
The Data
The data 2 consist of information about total construction. As it is potentially important to be able to we are using a panel data set, it is possible to avoid the endogeneity problem by using lags as instruments (Temple, 1999) . Another advantages using panel data set is that it allows us to control for Baltagi, 1995 and Temple, 1999) .
Data concerning business cycles is measured by using unemployment rates to define periods where unemployment is very high or low (variable names HUE and LUE). Accumulated residential stock is measured by using housing stock per capita (HS). It is a dummy variable where one represents if the country has a housing stock per capita above or equal to median housing stock per capita among the investigated countries. Housing policy is measured by looking at private rented sector, social-rented sector and owner occupation. The definition is based on Balchin (1996) . Two dummy variables are included in the residential model. The first measure represents if the country has a private rented sector above the EU average (PR) and the second measure if the country has an owner-occupation above the EU average (OW). That is, the default indicates if the country has a social-rented sector above or broadly at the EU average.
Pre-test of the data
Our central interest is to test the data concerning stationarity as this indicates that there is a long run relationship between construction and economic growth. Stationarity is defined as a variable where the mean, variance, and autocovariance are constant over time. A stationary variable is integrated of order zero and a variable that must be differentiated once to become stationary is said to be integrated of order one (see Granger et al, 2001 ).
An augmented Dickey-Fuller test for a unit root has been utilized, but we have used the Levin and Lin-test (LL) version of the test (see Levin et al, 2002) . The tested model is given by:
The test implicitly assumes that all countries series have a common autoregressive coefficient. The data are said to follow a unit root if is not significantly different from zero. 
Causality and Economic Effects
To proceed with the test concerning Granger causality, we test the error correction term (ECT) considering unit root. In the next stage, we estimate equation 3 with all the variables as dependent variables, respectively. The estimations will be carried out on the panel data with fix country effects.
Due to lack of data, we are only testing when j=2. The Granger causality test implies that the errorcorrection term is integrated of order zero, that is, the error term is stationary. The ADF-tests concerning the ECT in the panel set are all stationary, except the ECT concerning GDP regressed on investments (residential, buildings and infrastructure).
In table 2-5 below, the parameters in equation 3 are presented. In the first results is the dependent variable is equal to the change in GDP and the independent variables are lagged changes in GDP (Dgdp), lagged changes in residential construction (Dresi) and the error correction term (e). Some models also include dummy variables indicating high and low unemployment (HUE and LUE). F-tests are used to find out whether there is any improvement going from model A3 to A4 or from Model A4 to A5. A high F-value indicates that the parameters of the change in residential construction multiplied by the dummy representing high unemployment (Dresi*HUE(t) etc) are jointly significantly different from zero.
The result suggests that residential construction Granger causes GDP in the short and long run (high Fvalues). It seems likely that the interaction variable adds some explanation power to the model, i.e., if unemployment is high, residential construction has a higher impact on economic growth. However, none of the individual parameters is significantly different from zero. Surprisingly, the results also indicate that construction in low unemployment periods have a higher positive effect on economic growth. If residential construction increases by 1 percent, GDP will increase by 0.02 percent the following years. In periods with high unemployment, the effect is about 0.07 percent and in periods with low unemployment, the effect is as high as 0.15 percent. The speed of adjustment to long run equilibrium is about 10-11 years, that is, if expected GDP is higher compared to actual GDP, the change in GDP is expected to be positive and the adjustment will be a tenth of the gap per year. The
Granger causality is not conclusive. Residential construction Granger causes GDP both in short and long term. If expected residential construction is lower than the actual residential construction, the speed of adjustment to long run equilibrium is about 5 years.
Table 2 in here
The relationship between other building construction and economic growth is presented in table 3 below. The model can explain almost 44 percent of the variation in changes of GDP. Concerning Construction Granger causes GDP but GDP also Granger causes construction of other buildings.
Residential Stock
Additional residential construction in a country where the housing stock is already high compared to the population could affect the short and long run relationship between economic growth and residential construction. Our hypothesis is that high accumulation of residential stock should have a negative effect on residential construction effects on the change in GDP.
As a measure of the accumulation of residential stock in a country, we are using housing stock per capita. If the housing stock per capita is equal or above the median housing stock per capita in the investigated countries, we interpret it as high accumulation of residential capital. To be able to investigate its impact on the short and long run effect, we interacts the dummy variable with the change in residential construction (lagged 0 to 2 years) and the error correction term. The results are presented in the table 6 below (Model A6). The main results indicate that the models explanation power increases. As before, residential construction has a short run and long run effect on GDP. If residential construction increases by 1 percent, we expect that GDP will change with around 0.05 percent. However, we expect also that the effect will be higher if the unemployment is high (around 0.1 percent). Unexpectedly, the effect in short run seems to be even higher if the unemployment is very low (up to 0.17 percent). The latter is probably a demand driven effect and the former a supply driven effect. it will take some considerably time to adjust long to run equilibrium (50 years). This effect is highly significant.
Housing Policy
In general, housing policy reflects the political ideology of the government in power (see Balchin, 1996) . Here we will categorize the countries in Europe into three broad groups based on only a few aspects of housing policy, namely (1) support to social-rented sector, (2) promote owner-occupation
and (3) The conclusions are that by introducing variables indicating choice of housing policy, we explain more that 50 percent of the variation in GDP. However, the results are more or less the same, but accumulated residential stock seems to be of less importance if we add variables indicating choice of housing policy. However, housing policy and housing stock is not correlated so there is not a problem of multicollinearity. On the other hand, housing policy seems to have a major effect on the relationship between residential construction and GDP. For example, residential construction in countries with housing policy characterized by a private rented sector above EU average or owner-occupation above the EU average have a larger effect on GDP compared to countries with a social-rented sector above or broadly at the EU average. However, the housing policy does not have any impact on the speed of adjustment to long run equilibrium. Even if there is little statistical evidence to support the view that owner occupation is associated with high income per capita (see e.g. Balchin, 1996) , high owner occupation rates seem to be associated with a stronger relationship between residential construction and economic growth. If residential construction increases by 1 percent, the expected effect on GDP growth is 0.04 percent if the owner occupation rate is low and 0.08 percent if the owner occupation rate is high. This result is highly statistically significant. 
Conclusion and Policy Implications
The research task in the present study is to analyze the statistical causality relationship and parameter heterogeneity between gross domestic product and a broad group of construction in Western Europe.
The long run Granger causality tests are in most cases inconclusive, that is, the Granger causality goes in both directions. Our results are in accordance with e.g. Wang (2002) and Lean (2001) whose result shows that both public infrastructure and economic growth have significant effects on each other. On the other hand, Tse and Ganesan (1997) results suggest that construction Granger Cause GDP but not wise versa in Hong Kong.
Furthermore, if we examine the individual parameters concerning the error correction term, it could be concluded that they are of small magnitude, indicating slow adjustment to long run equilibrium. Our results are in accordance with e.g. Green (1997) and recently Coulson and Kim (2002) , whose result
shows that the impact of residential investments on GDP is more evident than non-residential investments.
The long run Granger causality between the different types of construction goes in both directions. For example, residential constructions Granger cause public infrastructure investments in the long run, and vice versa. The model concerning residential construction and economic growth indicate that residential constructions short run effect are higher if we have a high unemployment, but it is also true that its effect is higher when we have a low unemployment. Supply-side variables probably drive the former relationship and the latter by demand-side variables. Furthermore, high residential capital stock seems to reduce the impact of residential construction on GDP growth. The results also indicate that countries with a housing policy with less state intervention have a stronger effect from residential construction on economic growth.
Construction of other building and infrastructure investments has a positive effect on economic growth both in short and long term. The policy implication from our results indicates that residential construction can have a substantial effect on economic growth in countries with e.g. high unemployment, less state intervention on the housing market and a low stock of housing per capita. An increase in construction by 1 % can effect GDP growth by as much as 0.15 %. On the other hand, residential construction will have very small or no effect on economic growth if the housing stock per capita is already high or if the housing market is state intervened (e.g. large social housing sector). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
